Classical conditioning and conditionability of insulin and glucose effects in healthy humans.
We examined whether the effects of intravenously injected insulin and glucose (the physiological endogenous insulin production stimulus) could be classically conditioned in healthy humans. We expected a conditioned blood glucose decrease to a conditioned stimulus (CS) previously paired with insulin and an, albeit lower, blood glucose decrease to a CS paired with glucose injection. In addition, we analyzed glucoregulatory hormone and symptom conditionability. Thirty healthy males were divided into three groups and were given the CS and an intravenous injection of either insulin (0.05 IU/kg) in Group 1, glucose (15%, 0.5 g/kg) in Group 2, or placebo [physiological saline (0.9%)] in Group 3 during the acquisition phase on 4 days. All participants were given the olfactory CS (rosewood-peppermint smell) and placebo injection on Day 5 (test). On Day 5, the total blood glucose decrease tended to be higher in Group 1 than in Group 3 (P<.10), especially at CS presentation (P<.10) and previous unconditioned hypoglycemia time-point (P<.05). The conditioned blood glucose decrease was statistically nonsignificant in Group 2, but shortly after CS presentation, insulin level and blood glucose changes were negatively correlated in Groups 1 and 2 in contrast to positive correlation in Group 3. Furthermore, Group 1 showed an increase in noradrenaline (P<.05), a temporarily delayed increase in growth hormone (GH; P<.05), and an increase of autonomic and neuroglycopenic symptoms, reaching a medium and small effect size, respectively. Group 2 responded with an increase in cortisol (P<.01) and neuroglycopenic symptoms (P<.05) at the time-point of the previous unconditioned blood glucose minimum. To conclude, the effects of exogenously applied insulin can be conditioned in a reliable way. In correspondence with the lower intensity of the unconditioned stimulus (US), conditioning effects with glucose-and, thus, endogenously produced insulin-are weaker but also reflect the actions of central insulin. Future studies will examine the diverse actions of insulin within the brain further.